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Parity Violation

e The“parity” operation transforms the universe into its mirror
Image (goes from right-handed to |eft-handed).

 Maxwell’s equations are totally parity invariant.

 BUT, inthe 50’ s huge parity violation was observed in weak
decays...

3 decay of polarized Co:

electron preferentially

f V_e emitted opposite spin
—> direction
lco 60 N;* e
.
J=5 J

=4
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B CP (almost) Conservation
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|t wasfound that by applying the C[harge Conjugation]
operation to al particles, the overall symmetry seemed to be
restored (neutrinos are left-handed, anti-neutrinos are right-
handed).

o Thissymmeltry fit nicely into the current algebras, and later
the gauge theories being used to describe weak interactions.

o Unfortunately, it wasn't quite exact...
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W CP Violation

e |n 1964, Fitch, Cronin, etal, showed that physicsis not quite
Invariant under the CP operation, essentially by proving that
neutral kaons formed mass eigenstates

‘ KL,S> = aL,S‘ KO> + bL,S

W> where ‘aL,S‘ % ‘bL,S‘

e Thisgenerated great interest (not to mention a Nobel Prize),
and has been studied in great detail ever since, but to date has
only been conclusively observed in the kaon system.

(as|~[b. s = 020
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/o Weak |nteractions in the Standard M odel
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* |Inthe Standard Model, the fundamental particles are leptons

P )

N

and quarks i
" uarks combine as
4 AR e 0qd, gqg, or qq
5,45 b8k et
& down [strange] bottom |j§ ltGSA O to form hadrons
; " Ve VE Vill Z o
leptons exist S MM cscion] oo | nditing[fZBoson O
et ' o
. o e T L
I ndependentl y 3 electron rnlin tau lbgﬂ“

e e g — — 'V, U—_, —7d

y > W  OR W
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Quark Mixing

/V \ /\) \ (\) \ In the Standard Modéel, leptons
1 e 1 H 1 U | canonly transition within a
— - — generation (NOTE: probably

\e /\u /\T / not true!)

/u\ /C\/t\ Although the rate is suppressed,

| ; 1 guarks can transition between
! % generations.
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B The CKM Matrix ~

%

) )
.

e, L, G . . e e . . e . . . . . . G e G e e e e e e G . . . . . . .

 Theweak quark eigenstates are related to the strong (or mass)
eigenstates through a unitary transformation.

d’ _Vud Vis Vub__d_ / U \ /C\ / t \

=V Vo Ve|s| T (i' i
P [V \?t Vi |0 \ /\S/\b)

Cabibbo-K obayashi-Maskawa (CKM) Matrix

n
|

e Theonly straightforward way to accommodate CP violation
In the SM is by means of an irreducible phase in this matrix
(requires at |east three generations, led to prediction of t and
b quarks)
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Wolfenstain Parameterization

The CKM matrix is an SU(3) transformation, which has four
free parameters. Because of the scale of the elements, thisis
often represented with the “Wolfenstein Parameterization”

- 1-M/2 A | AN(p-in)
O -\ 1-N?/2 AN
AN (1-p—in) ~ — AN 1
CP Violating
First two generations phase

almost unitary.

April 26, 2001 Fermilab 9



D

o “The” Unitarity Triangle

e, L, G . . e e . . e . . . . . . G e G e e e e e e G . . . . . . .

o Unitarity imposes several constraints on the matrix, but one...
ViV T VeaVep T ViaVip = 0

Results in atriangle in the complex plane with sides of similar
length (z A)\3) , which appears the most interesting for study

Vcdvc*b
(Notel inUS: ¢, =B, ¢, =qa, ¢, =V)

April 26, 2001 Fermilab 10



D

<o The p—n Plane
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* Remembering the Wolfenstein Parameterization

1-N2/2 A AN(p-in)|
0 -\ 1-2?/2 AN
AN(L-p-in) -AN 1

we can divide through by the magnitude of the base....

(00) Lo

CP violation is generally discussed in terms of this plane
April 26, 2001 Fermilab 11
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/o Direct CP Violation ..

il A

« CPViolation is manifestsitself as a difference between the
physics of matter and anti-matter

ri=f)z2r({i=f)
 Direct CP Violation isthe observation of adifference between

two such decay rates; however, the amplitude for one process
canin general be written

A=|Ae¥e® = A=|Ae %™
\ /
Weak phase changes sign

e Sincethe observed rate is only proportional to the amplitude, a
difference would only be observed if there were an interference
between two diagrams with different weak and strong phase.

= Rare and hard to interpret

April 26, 2001 Fermilab 12
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/o Indirect CP Violation

o Consider the case of B-mixing

d o o b
>

0 0
B W W B
< — —
b t d

tb td

B°(t))=e"(™? x \_COS(AT”“)‘ B) +isin(4gt)e | §°>J

Mixing phase= ar g(\/thtE) =@
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<o Indirect CP Violation (cont’ d)

. Ifboth BandB can decay to the same CP elgenstate f,
there will be an interference
> f

BO

And the time-dependent decay probability will be

Difference between B mass eigenstates

W
P(t) = e [{1-ne sin(@, +@)sin(Am* t)}]

/ \ \ Decay phase

CP dgtate Of f MiXi ng phase

April 26, 2001 Fermilab 14



The Basic |ldea

e, L, G . . e e . . e . . . . . . G e G e e e e e e G . . . . . . .

« Wecan create g°g° pairs at the Y(4S) resonance.

» Even though both B’s are mixing, if we tag the decay of one
of them, the other must be the CP conjugate at that time. We
therefore measure the time dependent decay of one B relative
to the time that the first one was tagged (EPR *“ paradox”).

« PROBLEM: At the Y(4S) resonance, B’s only go about 30

Lm in the center of mass, making it difficult to measure time-
dependent mixing.

BO

e e

BO
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B The Clever Trick ,,

I
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o |f the collider isasymmetric, then the entire system is Lorentz
boosted.

e Inthe Belle Experiment, 8 GeV e’sare collided with 3.5
GeV e”'s so

BO

e e

B0 — .
= 200pum
€ >< e’

e S0 now the time measurement becomes a z position
measurement.

April 26, 2001 Fermilab 16



“Gold-Plated” Decay

e, L, G . . e e . . e . . . . . . G e G e e e e e e G . . . . . . .

iJ [P (Y- ee,u'u, ec)

B WAL C Total state CP

d } .j Ks(CP = £1)1 KL(CFEA-F]')
- OO, TOTC

@, =arg(VVy,) =0
probes ¢, = ¢, (=[)
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Decav Rate

0.5
0.4
0.9

0.2

Predicted Signature

sindg,=+0.6

! ‘ !
0

(t'—t) /7

Fermilab

2

t = Time of tagged decays
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“Tin-Plated” Decay

e, L, G . . e e . . e . . . . . . G e G e e e e e e G . . . . . . .

ub _’-[

@ =AYV V) = —(@ + @)
prObeS ¢y T¢ = ¢ — ((P2 T (pl) = —(, (: —(X)

Complicated by “penguin pollution”, but still promising

April 26, 2001 Fermilab 19



Review - What B-Factories Do...

« Make LOTSof pp pairsat the Y(4S) resonancein an
asymmetric collider.

» Detect the decay of one B to a CP elgenstate.
e Tagtheflavor of the other B.
* Reconstruct the position of the two vertices.

» Measure the z separation between them and cal cul ate proper
time separation as t =Az/(By Yeu ©)

e Fittothefunctional form

e M- sin2@ sin AmAt ]

Write papers.

April 26, 2001 Fermilab 20



e Must be asymmetric to take advantage of Lorentz boost.

e Thedecays of interest all have branching ratios on the order
of 10 or lower.
— Need lots and lots of datal
» Physics projections assume 100 fbt= 1yr @ 10* cm?s'
* Would have been pointlessif less than 10% cm?s'

April 26, 2001 Fermilab 21



The KEKB Accelerator

e Asymmetric Rings

3 — 8.0GeV(HER)
| = »&% — 3.5GeV(LER)
Q/QQ}'O) Interaction Region o,;&%. i Ecm:105SGeV:
2
S ES M(Y(49))
] A} 7 e Target Luminosity:
Al il 1035 1cm2
o) T NIKKO Area 8 OHO Area -
= [l & = H L « Circumference; 3016m
T - (TRISTAN Accumulation Ring) 17T ° Crog ng ar]gle: illmr

 RF Buckets: 5120
¢ = 2nscrossingtime
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Motivation for Detector Parameters

o . pEm  _ pmm . pmm . pmm e

* Vertex Measurement
— Need to measure decay vertices to <100um to get proper time distribution.
o Tracking...

— Would like Ap/p=.5% to help distinguish B - mtrtdecays from B —» K1t and B - KK
decays.

— Provide dE/dx for particle ID.
 EM caorimetry
— Detect y sfrom dow, asymmetric s — need efficiency down to 20 MeV.
« Hadronic Calorimetry
— Tag muons.
— Tag direction of K 'sfrom decay B - YK
o ParticleID
— Tag strangeness to distinguish B decays from Bbar decays (low p).
— Tag 1t sto distinguish B - mtrtdecays from B — K1t and B —» KK decays (high p).

Rely on mature, robust technol ogies whenever possible!!!

April 26, 2001 Fermilab 23
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Belle Defec
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All Finishea!!
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R June 1, 1999: Our First Hadronic Event!!

un Farm Event TEE4
ler 350 Dote/TIME Tue Jun 1 14z37z44 1399
Magllr © BField 1.50 Dspver 204

BELLE

¥
Qlo
)0l Q95

g @)
o OX#
0 @)

0 e
o Xo
3 LY
= A

s %y ol
9 sa"" N5
5 o
%) &)
O &)
®) L &

s G

3) &)

(6) @
Ox 40
5) a @)

BELLE

-
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{B Best Beam Parameters %

%

LER HER

Horizontal Emittance 18 (17) 24 (18) nm
Beam current 770(2600) 530 (1100) ma
Number of bunches 1153 (4600)
Bunch current 0.67 (.56) 0.46 (.24)
Bunch spacing 24 (0.6 m
Bunch trains 1 (8) - 5 1
Horizontal size at IP — 3.41x10” cm™s

# 103 (140) 123 (140)] um
Ox
Vertical size at IP

¥ 2.1 (14) 21 (L4 pm
Oy
Emittance ratio

35 (1 2.6 (1) %

Ey/ex :

e () = design
Bx/ By 59 /0.7 63 /0.7 cm
beam-beam

0.047/ 0.044 | 0.046 / 0.034

parameters 5y /&y (.05/05) (.05/.05)
Beam lifetime 150 @ 700 mA | 300 @ 550 mA | min.

April 26, 2001 Fermilab 27
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<o A (not a)Typical Day

e pmm mm emm omm pmm mm emm mm pmm mm omm mm e e o

:.!
[ oery

A [rEET]

e pmm . pmm  mm pmm o pmm.  mm pmm o pmm e

HER 4856 [ma] 1155 [bunches]

Physics Fun
LER 4934 [ma]  1155[bunch
STOP Run Luminesity 0 Enmuw;l} 3215 Epgnakiﬁsz]m:. [x10%cmEsec]
Integ. Lum. .O(Fl) 1814 (Day) 196.8 (24H) [/pb] 03/29/2001 22:06 I5T
+HV DoWn EI:II:I_II IJ_I T T T T | T T T T T | T T T T T | T T T T T | T T T T T | T T T T T | T T T T T | T ;
+Fill HER s HER s |10
) 00 E 300
+Fill LER m; ;zan
+HV Up : g 11078
— 300 =200
+START Run | = - —2 150
: E O Cpn (107 <
:8M|nutes| E 1DDWWED E' ﬁ
E —f
& IZIE"'!!!!!!|!!!!!|!!!!!l!!!!!l!!!!!l""'l""'l”lil m-l{]‘EE
=la00fF— ) 3 ="
= 600 — 250 2, ;:U
8 500 ;zun _m-al_'
[ 400 ~31s0
300 .
200 ' (107
100 —:ED .
o J_I I I I I I I I I I |l I I | I I ] I I I Il I I 1 I L I I ] I ] I I Il I I I ! I ] ;[ED-:E{ _1{]_8
e 0 f b, Ag?
) \/ / 4 / / i/ VA
£ | |/ c
g |:|_I 1 |/I | 11 1 / 1 1 11 /I Iﬂ | | | I|/| | | | 11 DE@
e oohoo™oos oan ngh ngh 120 150 18h zih B
03/29/2001 Time
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L uminosity

Offline+Online Luminosity (pb™) (/day) 2001704724

daid, —  OR FESOROACE, —  off resonance, EREFgY SCOR

22500 [Tt
20000 T
. 17500 ©
| 15000 ¢
12500 F
10000 E
7500 E
2500 |

E 1 1 1

o E
5/14/1999

11/19/1999

C ————— ]
5726/ 12/12000 6/8/20
Date

Belle log total : 21016.3 pb™

ricninfe pord 41 Exo3 Runl - Exol3 Run35 BELLEL

Total for first CP Results

(Osaka):

6.2fb™

April 26, 2001

Fermilab

— Our Records:

| nstantaneous:

| oPer (0-24h) day:

| oPer (24 hr) day:
*Per week:

I *To date:

World Records!!

3.41x10%* cm™s*
194.9 pb™
198.pb™
1217.pb™

~18.5fb™
(on peak)

Note: integrated numbers
are accumul ated!

Total for these Results:

10.5fb™

29




The Pieces of the Analysis

L L R N o R W N R N R R N R R o g e o

e Event reconstruction and selection
* Flavor Tagging

e Vertex reconstruction

o CPfitting

April 26, 2001 Fermilab 30
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<o JY and K¢ Reconstruction

o . pEm  _ pmm . pmm . pmm e

» o

lﬂ':‘.l""mﬂil'

L e L o EE  _ pEm R o e e s

12[][”] 1 T T I ] T T I T T T | T .+ T L EDDD ¥ ¥ + ] I' ¥ ¥ + ] I' ¥ 1 1 i 'I L LI 1 1 'I L L] T 1
Dimuons l_lJ — | F oy ]
 Yield: 9231. + 209, HH KS - T .
2000 - 3097.0% 0.2 MevV/ic® —| oooo = =
Width: + 0.3 MeV/c? | 0=4Mev |
| Require mass N
4000 |- sooo - Neq
I t within 4o of PDG
] 1 1 I '] 1 1 I 'l | 1 Fa | I ] 1 1 Ennn B
D 1 ] T I | T 1 I T T ] I T 1 T
_ Dielectrons -
| Yield: 8193. = 174, | 4000
| Mean: 30850+ 0.3 MeV/ic®
Width: 11.9+ 0.3 MeV/c® i
2000 | T
2000 —
- - D 1 1 1 L I 1 1 1 '] I 1 1 1 1 I || 1 1 1 I L I’ 1 1
0 i i ; [ i " 1 ; Lo i ' . . 0.470 {0,480 0,480 l.'II.EIZII':IIE 0.510 0,520
2 60 2.80 3.00 3.20 3.40 Dipion mags (CGeV/c')

Dilepton mass (GeVic®)
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N B - ¢Kg Reconstruction
* Inthe CM, both energy 50—
and momentum of areal ot Mbc
BO are constrai ned. ‘%
e Use“Beam-constrained Signal S
Mass’: E
2 2 —F Pallaparrun
I\/IBC - Ebeam_(zp) 5.300
1 S
| AE g
123 Events Hs
(13
i 3
3.7 Background —— /|2 -
& = 5.200 5.950 = 300
Events/(10 MeV) Beam Conskained Mass (Gevic E:I

,&Evs Mbc

April 26, 2001 reiniay o2



Ty Al Fully Reconstructed Modes (i.e. al but ¢/K|)

BGELLE e 19
I
—— Sum
60 e iy K (RTR) ]
- r— =Jdfw H!::':'j'x:::l —l i
o | N EH Mode | Events | Background
e ] 1
= a0 |- 1 | BoyKg | 1230 3.7
g | 1 | | All Others| 71.0 7.3
& Al
i Total 194.0 10.0
20 - —

5.200 5.225 5.250 5.275 5.300
Beam Constrained Mass {Gev/c?)

April 26, 2001 Fermilab 33



B - ¢K, Reconstruction

Exp 3 Run 404 Farm | Eeenl  B1333
@ KLM Cluster

KL;

%

J/ ¢ daughter
particles

e Measure direction (only) of
K, inlab frame

e Scale momentum so that
M(K_+ ¢)=M(B°)

| . * Transformto CM frame

L= and look at p(B°).

April 26, 2001 Fermilab 34



e Data
[1 Signal
Wl JyK?C (->Knr°)

O<pg'<2 GeV/c

JWKLX (no JAyK*®)

AN

o
=

Jhy+fake K;

Biases spectrum!

[1 fake Jy

(\%)
o

131 Events

Events/(0.05 GeV/c)

54 Background

1.2 1.4 1.
pg™ (GeVlic)

April 26, 2001 Fermilab
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Complete Charmonium Sample

L L R N o R W N R N R R N R R o g e o

Mode Nﬁy Nb;ﬂgd
J/ () Kg(ntn™) 123 3.7
J /b (£+0~) K 5(x070) 19 2.5
Y28 )Kg(ntn™) 13 0.3
(28 (J /Yt ) Kg(ntn™) 11 0.3
Xe1(YJ /) Kg(ntn™) 3 0.5
N(KTK %) Kg(ntn™) 10 2.4
ne(KsK+tn )Kg(ntn™) 5 0.4
J/pete)md 10 0.9
Sub-total 194 11
J/ (LT Ky 131 54
Total 325 65

April 26, 2001 Fermilab 36



Flavor Tagging

e, L, G . . e e . . e . . . . . . G e G e e e e e e G . . . . . . .

Ve, OF'p,
b <
BO
g K, n, @ etc.

Statistically, B'swill tend to produce high momentum

e",u",and/or K, whil e B% swill produce the opposites.

April 26, 2001 Fermilab 37



Very slow pion

B”'swill tend to produceslow 1T".

April 26, 2001 Fermilab 38



Diluted B-Mixing

oz 28
T —
oL 1M 9
il E 1]
Preper docay Times] ps)
l5ar=als
HILERT
nee L 2R
i 5 1a
Froeper decmy |mes pEi
L er b ETS
HIET
mrl'l'.'.-ll.l.ul'
0 s

1u
Proper decay fiose p=i

aymmdry

*E

-5

aErsig
Al AT 0]
1] E ([}

Proper decay timne|ps)

A era) 1

S

w214y

L 1
Froger decay tmel psl

B ATS=r= 100

D
el 0TS i

i s T
Froger decay Hmelpsi

300 - i
250 B fos
200 ;. ;
150 | | 2
100 | b r . R s
sg et e, e, o ’
107505025 0 025 0.5 075 1
300 } - K os
250 B :
200 2 N N
150 o :
e | - 1
100 8 g R
50 byt __L_'_—[—__L_-rq__g"“ + W .
0 1 075 0.5-025 0 025 05 075 1 |
qr g s
* il
DIvEvents + Data -
---MC
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Tagging Efficiency

o . pEm  _ pmm . pmm . pmm e

TABLE 1. Experimentally determined event frac-

tions (f;) and incorrect flavor assignment probabilities

(w;) for each r interval.

l r fi wy

1 0.000-0250  0.393£0.014  0.4707555:
2 0.250-0.500  0.154+0.007  0.33675 00
3 0.500—0.625  0.092+0005  0.28670 057
4 0.625-0.750  0.100£0.005  0.21015033
5 0750 —0.875  0.1214+0.006  0.008700%%
6  0.875—1.000  0.134+0.006  0.0207002

. pmm . pmm . pmm . pmm pmm_ pmm s

Experimentally determined
w valuesin each r region

Tagging efficiency £ = 99.4% (vs. 99.3% in MC)

Effective efficiency €4 = €1(1-2w)? = 27.0% (vs. 27.4%in MC)

April 26, 2001

Fermilab
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/o V ertex Reconstruction

BELLE

e Common requirements in vertexing
— # of associated SVD hits > 2 for each track
— |P constraint in vertex reconstruction 1
e CP side vertex reconstruction |
— Event isrgected if reduced x2 > 100.
« Tag side vertex reconstruction LS
— Track parameters measured from CP vertex must satisfy:
 |AZ<1.8mm, |[0Z<500um, |Ar|<500um
— Iteration until reduced x2 < 20 while discarding worst track.
* |Zep - Zgl<2mm (=107,)

Overdll efficiency = ~87%. Intotal 282 eventsfor the CP fit.

April 26, 2001 Fermilab 41



e, L, G . . e e . . e . . . . . . G e G e e e e e e G . . . . . . .

Iy
f (At;Sin2@) =e ™ (1isin2qsinxd E]
n

B

PDF = j (1-fo.) f ()R —At) ' +f PDF,, (4)

fg = background fraction. Determined from a 2D fit of E vs M.
*R(4t) = resolution function. Determined from D”’sand MC.

*PDF,;(A4t) = probability density function of background.
Determined from YK sideband (210 events).

April 26, 2001 Fermilab 42



Resolution Function

—0.09 ps
1.54 ps
—0.78ps
3.78ps
0.018

'I —_—
L | I T T PR T T | v I N I A | i P |
-10 -8 £ -4 -2 0 2 4 ) B 0
Ak resolution (ps)
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Mode Lifetime (ps)

B° . D' 1.59"%
DT 1,651
D™ p~ 1.50+0.11
Combined 1.59+0.05

D'l v 152+0.05
B~ . D% 168+0.05
D v 1.63+0.06

April 26, 2001 Fermilab
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1/N dN/d(At)

-15 -10 -5 0 5 10 15

sin2¢ =.58"3; (stat)

April 26, 2001 Fermilab 45




Individual Subsamples

L L R N o R W N R N R R N R R o g e o

Fit 2

M ode d - «CP = -1 modes
(stat. err.) i --CP = +1 modes
Non-CP | 0.065+0.075 — Combined
B - ¢Ks | 1217 | Eif
B - ¢K, -004+060 | 2
S 8
CP=-1 0.82+% |9
CP=+1 0.10:2(7, 4f
All CP 0.58"% 0 i
15 -1 05 0 05 1 15

SiN20;

April 26, 2001 Fermilab 46



Consistency Check

L L R N o R W N R N R R N R R o g e o

Plot asymmetry in individual time bins...

Pr
Fix at PDG value

1, +

nzgonns TS
\ Acpnst \

Our fit
\_T\_':b I -

7 8in20,=0.58
_2..JI.;.I...I.;.I;...l...l...]..;l
-8 -6 -4-2 0 2 4 6 8
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Sources of Systematic Error

Source O. o.
W rong tag fraction +.05 -.07
Resolution for signal +.01 -.01
Background Shape +.01 -.01
Physics Parameters +.03 -.04
|P Profile +.02 -.01
Background (not K,) +.03 -.02
Background (K.) +.05 -.05
T otal +.09 -.10

e BottomLine

sin2¢ =.58"3; (stat) "2 (syst.)

Published in Phys.Rev.L ett. 86, 2509 (2001)
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Other Recent Publications

e, L, G . . e e . . e . . . . . . G e G e e e e e e G . . . . . . .

» “Measurement of BY; - B%-bar Mixing Rate from the Time
Evolution of Dilepton Events at Upsilon(4S)” PRL 86,3228

o "Observation of Cabibbo suppressed B -> D(*)K- decays at
Belle"

(submitted to PRL )

e "A Measurement of the Branching Fraction for the Inclusive
B->Xs gamma Decays with Belle* (submitted to PLB)

e "Measurement of Inclusive Production of Neutral Pions from
Upsilon(4S) Decays’ (submitted to PRL)

+ Several Morein the Pipeline!!
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Summary and Outlook
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Belle isworking very well!!
Our current value of sin2¢,, based on 10.5 fb! of datais

sin2¢@ =.58"3; (stat) "2 (syst.)

Thisis consistent with the BaBar value of

sin25 =.34+.20(stat) +.05(syst.)
and with other previous results (CDF, LEP)

The probability of observing thisvalue if CPisconserved is
4.9%

* The next few years should be very exciting!
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Key Belle Milestones
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Early 1990’ s Japanese groups begin working.
January 1994. Collaboration forms.
April 1995: TDR Submitted.

...lots of work by lots of peoplein lots of places...
Dec 18, 1998: Belle detector completed (including SVD)
Jan 26, 1999: First cosmic ray with full detector.

May 1, 1999: Bellerolled into place.

November 9, 1999: Integrated luminosity exceeds 100 pb
February 29, 2000: Integrated luminosity exceeds 1 fb?

July 28, 2000: First CP results presented at Osaka (used 6.2
fb1)

April 26, 2001 Fermilab
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What about @,?
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* Corresponding decay would be B;— p Kg, but...
— Require moveto Y(5s) resonance (messier)
— Time dependent B, mixing not possible.

« = Haveto find another way.
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e These are not discovery machines!

« Any interesting physics would manifest itself as small
deviations from SM predictions.

* People would be very skeptical about such claims without
Independent confirmation.

» Therefore, the answer is NO (two Is not one too many,
anyway).
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=y Differences Between PEP-II (BaBar) and KEKB

*PEP-I| has complex IR optics to force beams to collide head-on.
Pros.  Interaction of head-on beams well understood.
Cons:.  Complicates IR design.

More synchrotron radiation.
Can’'t populate every RF bucket.

* In KEK-B, the beams crossat +11 mr.
Pros.  Simple IR design.
Can populate every RF bucket.
Lower (but not zero!!!) synchrotron radiation.
Cons.  Crossing can potentially couple longitudinal
and transverse instabilities.

apil 26,2000 At present, both destghsisseem to be working.

Belle)
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Differences (cont’ d)
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» BaBar uses an SLD-inspired system, based on a continuous digitization. The
entire detector is pipelined into a software-based trigger.
Pros.  Extremely versatile trigger.
L ess worry about hardware-based trigger systematics.
Can go to very high luminosities.
Cons.  Required development of lots of custom hardware.

 Belle' sreadout is based on converting signals to time-pulses. The trigger is an

“old-fashioned” hardware-based level one. Events satisfying level one are read out
after a2 uslatency.

Pros.  Simple.
Readout relies largely on “ off-the-shelf” electronics.
Cons.  Potentia for hardware-based trigger systematics.
Possible problems with high luminosity.
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Particle ID needs
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C ‘ Technology Pros Cons Comment
u Tagging Kaans
- TOF Simple. Only for low | Included in
- momentum. Belle
| | | | N | | | | dE/dx Proven. Only for low | Included in
O 111 IOS\ L1 | 1 111 \1 .5I 11 2 25 111 3 111 I5A5I 111 4 11| I4‘5I 111 5 Comes for momentum Be”e.
Kaon Momentum GeV/c free.
- TMAE based | Provenin Universally Rejected.
= RICH SLD and despised.
= B om DELPHI
= CSIRICH | Once seemed | No one could |  Rejected.
- promising. build a
E\ 111 | L 11| | | I | 1 11 | 1111 ‘ 1111 ‘ 111 1 ‘ 1111 111 | 1111 Worklng
0 05 15 2 25 3 35 4 45 5 prototype.
Pion Momentum Gev/c )
DIRC Rugged. New. Babar choice
- Excellent Contstrants
r 3 — DK separation. on detector
F geometry
- Aerogel Simple. Barely Belle choice
o threshold adequate
:\ 1 11 | I | 111 | 1 111 | I | ‘ | ‘ I | ‘ | 11 ‘ 1111 | 1111 Cerenkov
0 05 15 2 25 3 35 4 45 5
Kaon Momentum GeV/c
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D

/o Nuts and Bolts: Readout

Philosophy: Signal = Time Pulse = TDC (LeCroy 1877) = Generic DAQ

Analog Signal Variable Length Pulse

Binary Data [ [ T

Pulse Train Encoding (Hit = Edge) —
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o DAQ Overview

L e L o EE  _ pEm R o e e s

o . pEm  _ pmm . pmm . pmm e

. ; l kdaster
—rrent—and ___ cchtrol
SvVD electionics 0 DSP__: l
_ Frent-end  Q-to-T | TOC B o '
CoG eleclranics  cenve-ler LRS18FT ———— —_—
_ Front-snd_ Q-to-T _| TOC " Event ___, Oline S :
ACT — dectranles ™ cenverte” [RS1ATT _7.b“||der 'E'Z'r'”F"-'tﬂ’ el
arr 3
—— hass
—_—
Front-gend  O-to-T TR etarage
TOF — wectranles™ ccnue*te*‘LF‘;Em?T;_*C /
Frent-end GO-to-T TOC \
EFC — plectranics e nue*te*—LHE‘lﬂf’r;_/
=went
Frent-end C-to-— | | L N
ECL — electronics  cenveter [RS1877 manitaring
i TDOC ! SeqgLanca
KLM multiplexer LR=1877 control
+ ry
¥
. M ebwtark
Suhgvetam . Shared
frigp. logics I"n."IemDn,r

April 26, 2001 Fermilab 58



D

o Nuts and Bolts: Analysis Framework
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 Belle AnalysS Framework (Pronounced “BASF"):

— Developed entirely with freeware (GNU, Cernlib, CLHEP, etc)

— Script Driven

— Based on individual data generation/processing modules (C++
classes), with common members (hist_def, begin_run, event, etc).

— All data (raw, intermediate, physics, constants) arranged in named
banks based on the PANTHER bank system and stored in files.

— Individual banks or groups of banks can be read or written to files at
any point in data processing.

— Constants stored in database based on Postgresq|.

— Multiprocessing supported for read/write file access and
histogram/ntupl e generation.
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o Example BASF full MC Job

L e L o EE  _ pEm R o e e s

o . pEm  _ pmm . pmm . pmm e

pat h add_nodul e mai n|gg98 gsi m acc_nt
pat h add_nodul e main calfcdc cal svd reccdc recsvd trasan trak

SpeC|fy Procng pat h add_nodul e main Anaszdx ext rectof rececl cf
pat h add_nodul e rececl _nmatch rececl _gama

Modules path add_nodule main rececl pi0 rec_acc nu2 klid

pat h add_nodul e vOfinder rec2ndst evtcls sakura
pat h add_nodul e main ki d_nc_non AnadEdx_nt_non tof nt_non
path add_nodul e main table_list

Number of Processors nprocess set 5 v

Pass Parameters to Modules  pdul e put _parameter gqq98 USER TABLE\ b02psi ki . dec

HiSthram File histogram define signal _tag. hbk
initialize
tabl e savebr belle_begin_run
tabl e save bell e_event

Specify Tablesto Save table save nust_all

tabl e save evtcls_all
tabl e save gsimrand
tabl e save hepevt _all

Output File out put open signal . evt
GOo! generate_event 10000

term nat e
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B Example BASF Analysis Job L)

&) o=
A [rEET]

o . pEm  _ pmm . pmm . pmm e

L e L o EE  _ pEm R o e e s

Will look for user ana.SO path add_nodul e nai n user_ana

hi st ogram defi ne user. hbk
initialize
Could berea dataor MC process_event signal.evt

term nate
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<o Example User Analysis (user_ana.cc)

o . pEm  _ pmm . pmm . pmm e

Access charged track

» o

e iy

L e L o EE  _ pEm R o e e s

/1 Charged tracks

—> - .. .
PANTHER bank Mist char ged _Manager &ChgMgr Mdst char ged _Manager:: get _manager () ;

Loop over list of
individual objects
(tracks)

Manipulate using

for(vector<Mist charged>::iterator it = ChgMr. begin();

it I'= ChgMyr.end() ; it++) {

/!l Forma 4-vector for this particle
Vector3 p_i(it->px(),it->py(),it->pz());
Vector4 p4_i(p_i,sqrt(p_i.mag2()+EMass?));

/'l Now | oop over the second particle
for(vector<Mlst _charged>::iterator jt = it+1
jt 1= Chgwgr.end() ; jt++) {

/'l Require opposite charges
if((jt->charge())==(it->charge())) continue;

/1 1f we're here, we have two tracks of opposite charge.
/1l Cal culate the pair nass

Vector3 p_j (jt->px(),jt->py(),jt->pz());

Vector4 p4_j(p_j,sqrt(p_j.mg2()+EMass?2));

standard tools

April 26, 2001

Vector4 p4 = pd_i+p4d_j;
float pairMass = p4.mag(); // Calculate the pair mass
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Event by Event Tagging Quality .‘

il A

L L R N o R W N R N R R N R R o g e o

If we tag events wrongly, we'll measure CP violation as
P(Ble — fep) 01— W)(L-Sin 2@ sin AmAL) +w(1+sin 2@, sin AmAL)]
=e"'[{1- (1-2w) sin 2¢, sin AmAY ]

So the measurement is diluted by afactor (1-2w)=r

|deally, we can determine this on an event by event basis to be used
In the CP fit

Example, for high-p lepton

wrong I b Iy 1, Ig Ig

| right
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e tracks e _
+ slow pion LH kaonLH ¥ §% lepton LH ™« ™

@ c charge 2L
S | charge charge 5 . =3
@l p * 2 ¥ c | =
= ) P ) o cOS Blab 4
: Cos [} COSs H I P*miss E g
E COS Bithrust-trk P(k/x ID) = Mrecail o] E
il P{E."?t ||:|], Plelectron ID)
a : ! - P(Muon ID)

; event LH ; :
E e - Q-r=(for max. r:) :
2 L1(1+qure) — [ 1(1-gri) :::::::::::'_:::.j
= [1(14qure) + [1(1-gury) e
@ i
} qlrl {fﬂr max. rl} T ——— i s S e i i o e S B S i
L
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